Introduction and Aims. Novel treatments for substance use disorders are needed. Acute bouts of exercise can improve mood states in non-clinical populations, but effects in those with poly-substance dependence are understudied. We examined the feasibility and short-term effects of three types of exercise on drug cravings, self-esteem, mood and positive/negative affect in nine poly-drug-dependent inpatients. Design and Methods. Using a cross-over design, changes in the four study outcomes were assessed immediately before exercise and on four separate occasions post-exercise (immediately after, then at 1, 2 and 4 h post-exercise) enabling patterns of change over time (analysis of covariance) to be observed. Results. Participants were willing and able to engage in different non-laboratory based exercises. Football was associated with non-significant short-term reductions in drug cravings. A similar trend was seen for circuit-training, but not walking. Football and circuit-training were associated with brief improvements in mood and positive/negative affect. No adverse events were reported. Discussion and Conclusions. Football, circuit training and walking are feasible therapeutic activities for inpatients with poly-substance dependence. Controlled trials are needed to determine the long-term effects of these activities. [Ellingsen MM, Johannesen SL, Martinsen EW, Hallgren M. Effects of acute exercise on drug craving, self-esteem, mood and affect in adults with poly-substance dependence: Feasibility and preliminary findings. Drug Alcohol Rev 2018;37: [789][790][791][792][793] 
Background
Recent studies suggest that exercise may reduce the craving for tobacco in smokers [1] , and the urge to drink in those with alcohol dependence [2] . However, studies exploring the effects of acute exercise among illicit drug users remain scarce [3] . In a recent study with 24 stimulant-dependent participants, drug craving reduced significantly during and 50 min after stationary cycling at a moderate intensity, compared to a control condition (active reading). In another study, 92 subjects were randomly assigned to mild, moderate and vigorous stationary cycling and an active reading control group [4] . Reductions in cravings were greater among subjects in the moderate and vigorous exercise groups, and the effects sustained 50 min after the sessions.
Despite some progress, several issues are still not addressed, including: (i) whether acute exercise performed in non-laboratory settings can benefit those with poly-substance dependence; (ii) if the effect of single exercise bouts varies across different forms of exercise; and (iii) how long the effects last after the sessions have finished. We examined the short-term effects of three types of exercise in poly-drugdependent inpatients.
Method

Study design, setting and participants
We conducted a feasibility study to examine the shortterm effects of three different exercises (football/soccer, circuit-training and walking), conducted in nonlaboratory settings, on drug craving, mood, affect and self-esteem. The study was conducted at the Department for Inpatient Treatment of Substance Misuse in the Division of Mental Health and Addiction at Oslo University Hospital, Norway. Most patients attending the clinic are male poly-substance users with comorbid mental health problems; typically mood and personality disorders, aged 26 years and above. Recognising the somatic and psychological benefits of exercise, the clinic offers voluntary exercise sessions to all patients. Although the facility has capacity for up to 29 patients, there were only 23 at the unit when the study was conducted. Whether or not patients receive physical activity in their treatment plan is determined by the patient (based on interest) and their treatment team (based on assessment of the patient's physical and mental health). Of the 23 patients admitted at the time, four were there for short-term stabilisation (i.e. non-voluntary treatment) and were not invited. Of the remaining 19 patients, 11 were assessed by the clinical team as suitable for group physical activity. Of these 11 patients, one did not participate because they were about to be discharged and the other patient declined. We deliberately chose not to recruit more participants for this feasibility study, as we wanted to give as much information and support to a smaller group of suitable inpatients. We propose to extend this study with a larger randomised controlled trial.
All participants had a clinician-diagnosed Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition substance use disorder. The only exclusion criterion was medical contraindications to physical exercise (none met this criterion). All participants were provided with written and verbal information about the study and signed an informed consent form. Ethical approval for the study was not sought as all patients attending the clinic had already consented to voluntarily participate in exercise activities as part of their treatment. Data on participant's education, housing situation, previous drug use and habitual exercise were collected from patient files or through brief interviews.
Measures
Five self-report measures were completed on five occasions. We selected measures that can be completed quickly, and are amenable to repeated administrations.
Assessments were taken immediately before each exercise, and on four separate occasions following exercise; immediately after, then at 1, 2 and 4 h post-exercise.
Drug craving was assessed using a single-item
Visual Analogue Scale ranging from 0 (no craving for drugs) to 10 (strong craving for drugs). Participants were instructed to indicate how strong their craving for drugs felt at that moment. 2. Changes in overall mood were assessed with the Feeling Scale [5] ; a single-item Likert scale ranging from −5 (very bad) to +5 (very good). Participants were instructed to indicate how they felt at that moment. The scale has been used in previous acute exercise studies [6] . 3. The Positive and Negative Affect Schedule [7] assessed two dimensions of affect. Participants selfrate 20 items on a 5-point Likert scale ranging from 1 (very slightly/not at all) to 5 (extremely). Half the items represent positive affect, the other half negative affect. 4. Self-esteem was measured using the 10-item Rosenberg Self-Esteem Scale [8] , which measures global self-esteem; that is, both positive and negative feelings about the self. All items are scored on a 4-point Likert scale from 1 (strongly disagree) to 4 (strongly agree). Items 2, 5, 6, 8, 9 are reverse scored. Higher scores indicate higher self-esteem. 5. Borg's Rating of Perceived Exertion Scale [9] was administered 5 min after each exercise session to assess how strenuous the exercises was perceived by participants. The single-item scale ranges from 6 (no exertion at all) to 20 (maximal exertion).
Exercise interventions and procedure
Participants completed three 1-h supervised group exercise sessions in the same order with a one-day 'washout' period between sessions. All exercises were undertaken on-site at the clinic between 9:30 am and 11 am. The following three activities were tested in the order shown: (i) an outdoor football game was played on a field approximately half the size of a regular football oval. Patients played in two teams; four in one team, five in the other. Two staff members also participated-the staff nurse who organised the three exercise sessions and a sports educator (one on each team). Scores were kept with the aim of winning, but the match was friendly. To ensure participants remained hydrated there were two short breaks lasting 3 min each. At the start of the match, participants were instructed to 'give their best effort'; (ii) a circuittraining session using machine weights was undertaken in an exercise training facility at the hospital ward. Participants were asked to perform about 10 repetitions of each exercise (10 in total), and to adjust the weight so they felt moderately strained on the last few repetitions. Circuit-training consisted of upper and lower body exercises with a brief (1-2 min) transition between each exercise enabling time to recover. Before the circuit-training session, all participants were given instructions on the appropriate use of the machines by a qualified instructor. The circuit included, in the following order: seated leg-press, seated chest-press, abdominal crunch, seated leg-extension, shoulderpress, inter thigh exercises, seated rowing, seated torso rotation, hyperextension and hanging leg-raises; and (iii) a 45-min group walking session was completed with a staff nurse supervising. The group walked continuously on a dirt road in a recreational area of the city at a pace that enabled participants to talk amongst themselves. All exercise sessions were supervised by a qualified nurse with additional training in sports education, and also by a second person with bachelor-level education in sports science. These three exercises were chosen because they include both aerobic and anaerobic training, and because they were considered suitable by the participants. All surveys were completed individually under the supervision of a staff nurse. All patients who volunteer to exercise at the clinic are advised to remain well hydrated and to avoid caffeine and alcohol before exercise. After the final assessment, participants were informally interviewed to determine their satisfaction with the three exercise conditions and to record any adverse events.
Statistical analyses
Descriptive data (means and SDs) were calculated for each measure. Changes over time (five measurement points) in mood, positive and negative affect and selfesteem were assessed using repeated-measures analysis of variance with Bonferroni-adjusted post-hoc contrasts, with an initial significance value of P < 0.05. Following adjustment, the significance level was set at P < 0.012. We conducted simple contrasts comparing the means from measures of the different time-points using the pre-exercise level (first time-point) as a reference. For the main effect of time, effect sizes are estimated using the partial Eta squared statistic (η 2 ) (0.01 = small, 0.06 = medium and 0.13 = large effect). Post-hoc contrasts are reported as mean differences (MD) with 95% confidence intervals (CI). As data for drug craving (Visual Analogue Scale) were non-normally distributed (Shapiro-Wilk's test), the Friedman's non-parametric χ 2 test was used to assess changes over time. Post-hoc comparisons were then performed using the Wilcoxon signed-rank test for related-samples (Z-test). Two participants returned questionnaires with minimal missing data. These items were imputed using the last observation carried forward method and a sensitivity analysis performed. As results were nearly identical, non-imputed outcomes are shown. All data was analysed using SPSS version-22.
Results
Participant characteristics
Participant characteristics are shown in Table 1 . All participants were male (mean age = 36.7 years, range = 31-44). Upon admission, eight patients were residing in temporary housing; one had private accommodation. Two came to the clinic directly from prison where they completed their sentence. All patients were dependent on two or more substances and cannabis was used by all participants. As shown in Table 1 , habitual physical activity levels varied widely.
Exercise effects on drug craving
There were no main effects of time for football (χ (Figure 1a) . Figure 1a shows that, following an initial post-exercise reduction, mean scores on drug craving increased in the football and circuit-training groups above baseline levels 2 and 4 h post-exercise.
Exercise effects on mood, positive/and negative affect and self-esteem Negative affect. For football, there was a significant main effect of time with a small effect size (F [4,5] = 6.77, P = 0.01, η 2 = 0.53). From pre-exercise, negative affect reduced across all four timepoints, but the changes were not statistically significant (post-exercise; MD = 5.28, 95% CI = 0.45, 10.11, P = 0.03), (1-h; MD = 6.71, 95% CI = 0.63, 12.79, P = 0.03), (2-h; MD = 7.42, 95% CI = 1.25, 13.60, P = 0.02), (4-h; MD = 6.14, 95% CI = 0.95, 11.33, P = 0.02). There were no significant main effects of circuit-training or walking (Figure 1d) .
Self-esteem. The main effect of time was not statistically significant for football, circuit-training or walking. However, mean scores changed in a positive direction from pre-to post-exercise in all three groups with larger magnitude changes in the football and circuittraining groups (Figure 1e ).
Perceived intensity of exercise
Scores on Borg's Rating of Perceived Exertion Scale were as follows: football (mean = 13.4, SD = 2.2), 'somewhat hard'; circuit-training (mean = 14.1, SD = 1.7), 'somewhat hard'; and walking (mean = 9.6, SD = 1.9), 'very light'.
Discussion
Participants were willing and able to complete brief exercise activities, and no adverse events were reported. Given our small sample and the nature of this feasibility study, which is under-powered to detect statistically significant results, any conclusions drawn remain tentative. Although preliminary, results suggest that exercise activities such as football, when performed in naturalistic settings, and at intensities rated as 'somewhat hard' may help to attenuate drug cravings, at least temporarily. Circuit-training could have similar effects; this should be assessed with adequately powered controlled trials. The 'rebound' in drug craving observed 2 and 4 h post-exercise also warrants replication in a larger study. Speculative explanations include: (i) the timing of the assessments; exercise sessions were performed in the morning with follow-up assessments in the afternoon, when cravings may naturally rise; (ii) the increase could be related to changes in hunger and/or thirst, which may increase 2-4 h post-exercise; and (iii) some patients may interpret the bodily sensations associated with exercise as being similar to drug cravings. Consistent with previous work in non-clinical populations, acute exercise appeared to enhance mood and positive affect. The largest mean changes were seen for aerobic training (football), however, weight-training has been shown previously to have beneficial effects in clinical populations [10] . Future studies should assess the effects of exercise on self-esteem, which may indirectly benefit treatment adherence and recovery. Although no conclusions can be reached regarding dose-response, we speculate that higher-intensity exercises such as football, which involve fast running, could have stronger effects on drug craving and mood. Positive effects of football on mood could also be mediated by social interaction. Limitations include the low n, and non-counterbalanced design with minimal washout between sessions. Future studies should replicate these assessments using larger participant samples and a randomised study design.
